Background and aims. Cholangiocarcinoma is a rare but devastating malignancy associated with a poor prognosis and a high mortality rate. With the recent advances in detection and treatment, it is unclear if the incidence and outcomes of cholangiocarcinoma are improving in the United States. The aim of this study was to evaluate the trends in the incidence, costs and mortality rates of cholangiocarcinoma-related hospital admissions in the USA. Methods. We utilized the National Inpatient Sample Database (NIS) from 1997-2012 for all patients in whom cholangiocarcinoma (ICD-9 code 155.1, 156) was the principal discharge diagnosis. The temporal trends in the number of hospital admissions, length of stay and, hospitalization costs along with mortality rates over the study period were determined by using regression analysis for trends.
Introduction
Cholangiocarcinoma is a rare but devastating cancer, accounting for approximately 3% of all gastrointestinal cancers [1] . It is usually diagnosed at an advanced stage, with a 5-year survival rate of only about 10% [2, 3] . Chronic inflammation of the bile ducts is an important risk factor for cholangiocarcinoma.
Cholangiocarcinoma is classified, based on location, into intrahepatic and extrahepatic types (includes gall bladder). The majority of cholangiocarcinoma cases (about 90%) are extrahepatic in location. Incidence of cholangiocarcinoma is very high in certain regions of the world such as Thailand, China and Southeast Asia [4] . Colonization with liver flukes Opisthorchis viverrini For commercial re-use, please contact journals.permissions@oup.com (Thailand, Laos PDR and Vietnam) and Clonorchis sinensis (China, Taiwan, eastern Russia, Korea and Vietnam) causes chronic inflammation and is a risk factor for the development of cholangiocarcinoma [4] [5] [6] .
In the western world, primary sclerosing cholangitis (PSC) is the most common predisposing risk factor for development of cholangiocarcinoma. Lifetime incidence of cholangiocarcinoma among PSC patients is about 5-10% [7] . Patients with other chronic liver diseases such as chronic viral hepatitis, alcoholic liver disease or cirrhosis from other causes are also at increased risk of cholangiocarcinoma [3, [8] [9] [10] [11] . Data from the Surveillance, Epidemiology, and End Results (SEER) program and the US Division of Vital Statistics databases between 1973 and 1997 indicated increasing incidence and mortality rates from intrahepatic cholangiocarcinoma [12] . However, the most recent epidemiologic data suggest decreasing incidence and mortality rates of extrahepatic cholangiocarcinoma in the USA [13] [14] [15] .
There is ambiguity in the literature about the actual incidence and mortality rates associated with cholangiocarcinoma in the USA. There is also lack of data regarding in-patient hospitalizations and mortality rates related to cholangiocarcinoma. Hence, the purpose of this study was to assess the frequency of hospital admissions with a principal diagnosis of cholangiocarcinoma and associated mortality rates in the USA from 1997 to 2012. We also assessed the potential influence of patient and hospital characteristics on health-related outcomes in these patients.
Methods
We used the Nationwide Inpatient Sample (NIS) to obtain a population-based estimate of national trends. The NIS is part of the Healthcare Cost and Utilization Project (HCUP) sponsored by the Agency for Healthcare Research and Quality in Rockville, MD. The NIS is the largest publicly available all-payer inpatient care database in the USA. It was designed to approximate a 20% sample of nonfederal hospitals and stratified according to geographic region, ownership, location, teaching status and number of beds . The 1997 NIS is drawn from 22 states and contains information on all in-patient stays from more than 1000 hospitals, totaling about 7.1 million records. The 2012 NIS contains discharge data from more than 4000 hospitals in 45 states totaling about 8 million records. This large database is an excellent representative sample of the general US population and is useful for analyzing healthcare utilization, access, charges, quality and outcomes [16] [17] [18] . The NIS database provides only administrative data for analysis. Patient-specific clinical data (i.e. laboratory tests, procedures) are not available.
To identify cases of cholangiocarcinoma, we queried the NIS database in order to recover hospital data on all discharge diagnoses with a primary ICD-9-CM diagnosis code of 155.1 (malignant neoplasm of intrahepatic bile ducts) and 156 (malignant neoplasm of gall bladder including extrahepatic ducts, ampulla of Vater, unspecified sites). According to the HCUPnet, principal diagnosis is defined as 'the condition established after study to be chiefly responsible for occasioning the admission of the patient to the hospital for care.' The principal diagnosis is always the reason for admission (definition according to the Uniform Bill (UB-92). Therefore, we believe that we captured data regarding hospitalizations due to cholangiocarcinoma.
The query parameters were configured for the period 1997-2012. NIS data are available from 1988 to 2012; however, there was a change in the NIS dataset in 1997 to include details of the patient and hospital characteristics and allow in-depth analysis of trends over time. Therefore, this particular period was chosen for our study.
Variables recorded
Patient demographics recorded included age and sex. Hospital characteristics recorded were region (northeast, midwest, south and west), location (metropolitan vs non-metropolitan area) and size (small, medium and large). As per the HCUPnet definitions, metropolitan areas are those with a population of at least 50 000 people. Areas with population less than that are the nonmetropolitan areas. The definition of bed size varied according to the hospital location and teaching status. The range for small hospitals was 1-299 beds. The bed-size range for medium hospitals was 50-499, and the bed-size range for large hospitals was 100-500 or more. We also looked at the payer status for all admissions. 'Hospital charges' is defined as the amount the hospital charged for the entire hospital stay. It does not include professional (physician) fees. 'Aggregate charges' or the 'national bill' is defined as the sum of all charges for all hospital stays in the USA. 'Length of stay' is defined as the number of nights the patient remained in the hospital for this stay.
Statistical analysis
Trends for the annual point estimates of the frequency of cholangiocarcinoma for the data sample were plotted and analyzed. The annual frequency of discharges with cholangiocarcinoma was computed by dividing the number of discharges with cholangiocarcinoma listed in the NIS database in a given year by the total number of all discharges listed in the NIS for the same year. All analyses were performed using SAS (version 9.4, The SAS Institute, Cary, NC).
In addition to the percentages available adjacent to the data in the tables, the frequency per 100 000 admissions for each categorical variable was also calculated. These numbers represent the density of patients diagnosed with cholangiocarcinoma compared with the total number of hospital discharges per category. Each frequency was calculated by dividing the number of patients with cholangiocarcinoma by the total discharges in a specific categorical variable for each year and multiplying the number by 100 000. We viewed the counts as arising from a Poisson distribution and the total discharges as an offset yielding Poisson rates that have been compared over time using Poisson regression. This yields relative rates (RRs) and 95% confidential intervals (CIs) that express the ratio of rate per 100 000 in 2012 to that in 1997. These values differ from the percentages, which describe each category exclusively for either patients with cholangiocarcinoma or total discharges. The percentages distinguished differences among the variables for each specific year, whereas the frequencies were vital for comparing trends from 1997 to 2012, especially for age group and region.
Results

Number and cost of cholangiocarcinoma discharges
From 1997 to 2012, the total number of hospital admissions with a principal diagnosis of cholangiocarcinoma increased by 15.57% from 10 357 to 11 970 (P<0.001) (Figure 1 ). The number of hospital admissions with cholangiocarcinoma either as a primary or a secondary diagnosis increased from 19 876 to 31 050 during this period (P<0.001). The frequency of hospital discharges for cholangiocarcinoma as a principal diagnosis increased from 31.17/100 000 discharges to 42.16/100 000 discharges (RR ¼ 1.35 (1.32-1.39); P<0.001). The average length of hospital stay for patients with cholangiocarcinoma decreased between 1997 and 2012 from 9.5 days to 7.9 days (P<0.001).
The aggregate costs of hospitalizations where cholangiocarcinoma was the primary discharge diagnosis increased 244.29% from $146 112 904 in 1997 (adjusted for inflation) to $503 051 348 in 2012. Despite the decrease in the average length of stay, the mean total charges for cholangiocarcinoma-related hospital admissions increased substantially between 1997 and 2012. Mean hospital charges per patient increased 113.25% from $36 460 in 1997 (adjusted for inflation) to $77 753 in 2012 (p<0.001) (Figure 2) .
The portion of the national bill (total aggregate charges for cholangiocarcinoma/total national bill) for cholangiocarcinoma discharges increased from 0.027% in 1997 to 0.084% in 2012. However, the in-hospital mortality rate decreased from 9.3% in 1997 to 6.4% in 2012 (P<0.001) (Figure 3) .
Cholangiocarcinoma discharges by patient characteristics
Patients in the age group of 65-84 years had the highest rate of discharge for cholangiocarcinoma both in 1997 and 2012 
Cholangiocarcinoma discharges by hospital characteristics
Metropolitan areas had higher frequencies of cholangiocarcinoma discharges than non-metropolitan areas both in 1997 and 2012 ( Table 1 ). The frequency of discharges for metropolitan areas increased from 33.38/100 000 in 1997 to 45.07/100 000 in 2012 (RR ¼ 1.35 (1.31-1.39); P<0.001). For non-metropolitan areas, the frequency of discharges remained similar. Patients with cholangiocarcinoma were more likely to be diagnosed in a large hospital with a slight increase in number of cases (RR ¼ 1.41 (1.36-1.46); P<0.001). Medium-sized hospitals also had a marginal increase in cases with cholangiocarcinoma, whereas the frequency remained unchanged for small hospitals (RR ¼ 1.29 (1.22-1.36); P<0.001).
The south had the highest absolute number of both cholangiocarcinoma discharges and total discharges in 1997 as well as in 2012. Although the increase in frequency of cholangiocarcinoma was seen in all US regions, it was more marked in the northeast (RR ¼ 1.63 (1.55-1.73); P<0.001) and the west (RR ¼ 1.53 (1.44-1.63); P<0.001). The increase in frequency in the other regions was less steep but still statistically significant (P<0.001).
Discussion
This study looked at the incidence and outcomes of cholangiocarcinoma in the USA from a nationwide population-based inpatient database in the last 16 years (1997-2012). There was a significant increase in the frequency of cholangiocarcinomarelated hospital admissions and associated costs despite a decrease in the hospital length of stay. The in-patient mortality rates also decreased during the study period.
During the years 1997 and 2012, the frequency of cholangiocarcinoma-related discharges as a primary diagnosis increased by 15.57%. During the same time period, the primary or secondary diagnosis of cholangiocarcinoma increased by as much as 56.22%. The rise in incidence of cholangiocarcinoma could be attributed to an increase in its risk factors such as obesity [19] , alcoholic cirrhosis [20] , metabolic syndrome [21] and primary sclerosing cholangitis [22] . Increasing use and improved quality of cross-sectional imaging modalities such as magnetic resonance imaging (MRI) and computed tomography (CT) may have contributed to this trend. A study assessing the use of cross-sectional imaging studies in a large health plan found that imaging with CT doubled, and imaging with MRI tripled during a period from 1997 to 2006 [23] . That study also found that cross-sectional studies added to existing studies instead of replacing them and that the annual per enrollee cost of radiological imaging more than doubled [23] .
Although the average length of hospital stay during the study period decreased from 9.5 days to 7.9 days, the average total charges per patient, adjusted for inflation increased by 113.26%. Likewise, the overall percentage of total hospital costs associated with diagnosis of cholangiocarcinoma more than tripled during this time period from 0.027% to 0.084%. The increase in cost per patient may be due to increasing use of crosssectional imaging and interventional procedures such as endoscopic retrograde cholangiopancreatography (ERCP) and percutaneous transhepatic approaches for biliary drainage and tissue acquisition along with broadened criteria for resectability [5] . Liver transplantation with neo-adjuvant radiation and chemotherapy is now an approved method of treatment in select cases of hilar cholangiocarcinoma [24] . Although the numbers are small, the high costs associated with liver transplantation might have played a role in overall increased costs. During the study period, there was a decreasing trend in hospital mortality rates. This might be due to improvements in early diagnosis, efficacy of treatments or the possibility of these patients being discharged to nursing homes and hospice care centers. These details could not be obtained because the database was administrative rather than clinical.
The 65-84 year age group had the highest rate of hospital admissions for cholangiocarcinoma both in 1997 and 2012. This finding is consistent with other epidemiologic reports that the typical age of presentation for cholangiocarcinoma is the seventh decade of life [14] . Interestingly, the >85 year age group in this study showed a decline in the frequency of cholangiocarcinoma. Whether this trend is due to different risk factors in this age group or due to survival bias is not known. Although an increased incidence of cholangiocarcinoma was noted in both sexes, it was more pronounced in women. There is no convincing evidence to suggest disproportionate increase in risk factors such as PSC, hepatitis C, choledochal cysts or chronic liver disease in women. Hence, this finding needs further study.
Payer statistics for cholangiocarcinoma remained largely unchanged over the 16 years studied. Medicare is the primary health insurer for 97% of the US population aged 65 years [25] . Consistent with epidemiology of cholangiocarcinoma being a disease of the elderly population, more than 60% of the patients belonged to the Medicare group. Even as the total discharges for patients with private insurance decreased from 1997 to 2012, the frequency of cholangiocarcinoma increased from 21.8/ 100 000 discharges to 43/100 000 discharges. This may be due to the fact that patients with private insurance are more likely to seek earlier treatment.
Since cholangiocarcinoma is a very rare malignancy, trained specialists and resources required for diagnosis and management will likely be concentrated in a few large major medical centers. This was confirmed by our findings that the frequency of cholangiocarcinoma in large hospitals increased by 40.94%, along with a decline in the frequency among small hospitals over the last 16 years. In addition, the frequency also increased in metropolitan areas but remained unchanged in nonmetropolitan areas. Possible explanation is due to dense population in metropolitan areas and also due to patients being referred to large metropolitan hospitals with the appropriate resources and expertise to manage cholangiocarcinoma.
The design of this study and the nature of the NIS dataset include some important limitations. Since NIS is an administrative dataset, it is reflective of the coding practices of each healthcare institution. Importantly the data were not differentiated on the basis of the classification of cholangiocarcinoma as intrahepatic and extrahepatic but were instead recorded as a single entity. In addition, this dataset does not control for errors during data entry. Also, individual patient-specific clinical information, such as the procedures performed on the patient, was not obtainable. Future studies analyzing patient-specific trends and individual hospital coding practices may provide additional clarification about the information in this study. Importantly, the NIS dataset does not provide sufficient patient and hospital details to determine with certainty the factors leading to the rise in hospital discharges and their costs.
In conclusion, there was a significant increase in the frequency of cholangiocarcinoma-related hospitalizations and associated costs between 1997 and 2012. Cholangiocarcinoma is an escalating concern to the healthcare system in the USA. Further studies analyzing cost-effective diagnostic modalities, treatment strategies and preventive measures are necessary to reduce the burden of cholangiocarcinoma.
